The transfer ribonucleic acids of Escherichia coli bind to unsubstituted Sepharose in the presence of high concentrations of ammonium sulfate at pH 4.5. Transfer RNA species are eluted individually from the Sepharose by a gradient from high to low concentrations of ammonium sulfate; leucine tRNA is fractionated into five isoaccepting species. The order of elution of these isoaccepting species differs from that seen with reverse phase chromatography. By means of only these two procedures, one isoaccepting species of leucine tRNA can be purified to apparent homogeneity. Isoaccepting tRNA species for 9 amino acids have been resolved. This establishes the general utility of this chromatographic system for the separation and purification of specific isoaccepting transfer RNAs.
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As a result of the widespread interest in the biology and chemistry of tRNA, numerous techniques have been developed for the separation and purification of isoaccepting species of tRNA. Early methods involved partitioning of tRNA between two liquid phases by countercurrent distribution (1) . Other techniques, including chromatography on hydroxylapatite (2), DEAE-Sephadex (3, 4) , methylated albumin on kieselguhr (MAK) (5), benzoylated DEAEcellulose (BD-cellulose) (6) , and reverse phase chromatography (RPC) adsorbents (7) were later developed and have been used successfully for the isolation of over 40 tRNA species (8) .
Recently Rimerman and Hatfield (9) nitrogen, and redissolved in 0.6 ml of Buffer A containing 0.5 M NaCl. The sample was applied to a 0.9 X 50 cm RPC-5 column equilibrated with Buffer A containing 0.5 M NaCl. Elution was carried out with a linear gradient of increasing NaCl concentration in Buffer A (125 ml of 0.5 M NaCl plus 125 ml of 0.8 M NaCl) at 300 pounds/ inch2 (2.1 MPa) and at a flow rate of 2 ml/min. Aliquots of each fraction were mixed with 1 ml of water, added directly to Aquasol scintillation fluid, and assayed in a Beckman LS-230 scintillation counter.
RESULTS
The data in Fig. 1 (Fig. 1) purification. Recovery was estimated at over 90% based on total radioactivity isolated. Fig. 3 illustrates that the uncharged isoaccepting species of E. coli B tRNA specific for eight amino acids can be separated with this method. In many instances, the position and order of elution is different from that reported for RPC systems (7) . Interestingly, a similar experiment carried out using tRNA isolated from E. coli strain K-12 reveals some differences in elution profiles of the leucine, valine, glutamate, and histidine tRNAs (Fig. 4) . In addition, subtle differences in the overall elution profile of the total tRNA are evident.
Studies were conducted to determine the capacity of Sepharose 4B for tRNA. In the presence of 1.3 M (NH4)2SO4 at 40, 1 ml of Sepharose4B adsorbed 3 mg of unfractionated tRNA. This capacity could be increased to 8 mg/ml in 1.6 M (NH4)2SO4. At these concentrations of ammonium sulfate, tRNA remains soluble. It is apparent, therefore, that this technique is suitable for processing large quantities of tRNA. The data in Fig. 5 demonstrate that the salt-induced binding of tRNA to agarose is markedly influenced by pH. At pH 7.5 tRNA does not bind to agarose in high salt. In addition, magnesium does not substantially influence the chromatography of the tRNA under these conditions. It is possible, therefore, that tRNAs might be further resolved using an increasing pH gradient in the presence of high salt.
A final point worth mentioning regarding the convenience of this technique is that the columns can be used repeatedly without repouring; with simple washing with one or two column volumes of buffer followed by re-equilibration in the starting ammonium sulfate, the columns can be run at least 20 times without loss of resolution. DISCUSSION We have recently developed a general chromatographic method for the purification of proteins, glycoproteins, and neutral polysaccharides. The method involves the use of high concentrations of an antichaotropic ion (9) (10) (11) , such as the anions phosphate or sulfate, to induce binding of these macromolecules to agarose gels substituted with aliphatic amino acids. The binding and fractionation of these macromolecules are thought to result from interaction of the nonpolar aliphatic chains of the gel with nonpolar sites on the macromolecules, and it has been suggested that these interactions may be hydrophobic in nature (9) . In this report we show that this technique is also applicable to chromatography of tRNA; however, in this case it was not necessary to use substituted agarose. Presumably, the nonpolar character of the agarose itself is sufficient for tRNA binding at high (NH4)2SO4
concentrations.
The two most widely used methods which were designed specifically for the separation of tRNA molecules are reverse phase chromatography (7) and benzoylated DEAE-cellulose chromatography (6) . These methods utilize the principles of both ion exchange and hydrophobic interactions (6, 7) ; the method reported here is presumed to involve only the hydrophobic character of the tRNA.
An examination of the elution profiles obtained for a number of specific {RNA species derived from E. coli strains K-12 and B reveals several interesting differences. In the case of leucyl tRNAs, one species (tRNA2Leu) appears to differ in chromatographic behavior. In addition, one of the minor valine tRNA species in E. coli B tRNA is eluted much later than its K-12 counterpart. Marked differences in position of elution and relative composition of histidine tRNA species also can be seen. Interestingly, only one isoaccepting species of glutamate tRNA is seen in the case of K-12 tRNA. At present it is not clear what these differences indicate. However, several possibilities exist: (i) Actual strain differences in tRNA structures, (ii) differences in growth conditions of cells which in some instances can lead to alteration in tRNA profiles (7), or (iii) alteration of tRNA during the extraction procedures.
In view of the presumed nonionic nature of the gel-tRNA interaction we were surprised to find that binding did not occur at pH 7.5. At present, the significance of this observation is not clear. However, it could reflect pH-dependent changes in tRNA structure which could mask key sites on the molecule involved in binding.
In summary, the techniques described in this communication provide a method for separating tRNAs which can readily be adapted to both analytical and preparative purposes. Advantages of this method include: (i) low cost, (ii) simplicity of operation, and (iii) resolution which in some instances surpasses that seen with other methods such as RPC-5 and BD-cellulose. Furthermore, it has been shown that, when used in conjunction with other techniques such as RPC-5, saltinduced agarose chromatography provides a powerful tool for purifying individual species of tRNA.
